Ventilatory function of healthy, urban, non smoking, Pakistani young adults aged 18–24 years  by Nadeem, M.A. et al.
RESPIRATORY MEDICINE (1999) 93,546-551 
Ventilatory function of healthy, urban, 
non smoking, Pakistani young adults 
aged 18-24 years 
M. A. NADEEM”, S. N. RAZA~ AND M. A. MALIK~ 
*Department of Medicine, Mayo Hospital, Lahore, Pakistan 
?Department of Medicine, King Edward Medical College, Lahore, Pakistan 
Age may have a different contribution to normal lung function values in those aged less than 25 years, as compared 
to older individuals. We report regression equations predicting ventilatory parameters in this age group, as none 
have been reported from Pakistan. 
The study was conducted on students of King Edward Medical College Lahore, Pakistan. Participants had never 
smoked and reported no respiratory symptoms. In addition to anthropometric data, forced expiratory volume in 1 
set (FEVi), forced vital capacity (FVC), peak expiratory flow (PEF) and forced expiratory flow at 50% of FVC 
(FEF5e) were measured. Equations predicting normal values of these parameters were derived using SPSS 
(Chicago, Illinois, U.S.A.) PIO.05 was treated as statistically significant. 
Of the students, 519 took part in the study. All four parameters correlated significantly (P<O.OOl) and positively 
with height. FEFse had a negative correlation with age in both sexes (P<O*O5). The correlation of other parameters 
with age was variable and not statistically significant. On multiple regression, height featured as an independent 
predictor in equations for all parameters. The contribution of age as an independent predictor of ventilatory 
function was, once again, variable. Independent variables were retained in the raw form as their transformation did 
not improve the goodness of fit of the derived equations. 
Only height and age emerged as independent predictors of ventilatory function. Values derived from the 
equations presented in this study were less than those for height and age matched white Caucasians. Such 
differences were greater than the ‘Asian correction factors’. 
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Introduction 
Values of lung function derived from the ‘normal’ popula- 
tion are necessary for interpretation of results of lung 
function carried out on individuals suffering from or 
suspected to be suffering from respiratory disease. Popula- 
tion characteristics, such as ethnic origin, smoking habit, 
cohort effect and presence of diseased individuals, may 
influence such values. There is thus a need to perform well- 
designed and conducted studies on a population group 
itself and then use such ‘normal lung function’ to interpret 
pulmonary function tests of individuals belonging to the 
same group. For calculation of normal lung function in 
Asians, the common practice is to apply correction factors 
to values derived from white Caucasian studies (l), the 
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most popular being the European community summary 
equations of reference values (these are derived from studies 
performed before 1980, and include smokers) (2). Asians 
belong to a large geographical area and investigations have 
revealed regional differences in lung function (3-5) thereby 
bringing into question the use of a single correction factor 
for all Asians. Information on predicted lung function 
values from Pakistan is scarce. Two studies of normal lung 
function were carried out in Pakistan a number of years ago 
and found predicted values to be lower than those derived 
from white Caucasians, although not always by as much as 
the correction factors (6,7). Mean lung function parameters 
have been shown to increase with time in the same 
population (8,9). Hence, equations of reference values 
should be updated periodically. Also, age may have a 
different contribution to regression equations for lung 
function in the below-25-years age group, as compared to 
individuals over 25 years old (8,1&12). To date, no 
investigation of lung function has been reported from 
Pakistan on the under-25-years age group. We present lung 
function findings from healthy, life-long non-smoking 
young adults from Pakistan in the age range of 18-24 years. 
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Methods 
POPULATION 
The study was conducted in the Department of Medicine, 
King Edward Medical College, Lahore. Lahore is a large 
city, situated 216m above sea level. Students of King 
Edward Medical College comprised the study population. 
MEASUREMENTS 
Each student was administered a modified Medical 
Research Council Questionnaire (13). This included ques- 
tions on respiratory symptoms, smoking history, time off 
studies due to chest illness, history of allergies etc. 
Individuals were labelled as healthy if they reported no 
respiratory symptoms and had never smoked actively. The 
effect of passive smoking was not taken into account for 
this study. Their age, standing height (in cm without shoes) 
and weight (in kg without shoes, wearing indoor clothes) 
were recorded. 
The spirometer used for the measurements (Medicor MS 
II, Budapest) conforms to the recommendations of the 
American Thoracic Society (ATS) (14). It is microproces- 
sor-controlled and incorporates a heated Fleisch tube which 
provides accurate measurements at low air resistance. 
Parameters are body temperature saturated with water 
vapour and ambient barometric pressure (BTPS) corrected. 
The measuring limit and accuracy of volume and flow rate 
were within the limits prescribed by the ATS guidelines 
(14). Its volume limit was 10 1, measuring accuracy of 
volume rf: 0.05 1 or f 3%, flow range + 12 1 see-’ and 
flow accuracy + 5.5 % or f 0.200 1 set-‘). 
At the start of the study (and monthly thereafter), the 
spirometer was validated by the maintenance engineer to 
make sure that its accuracy conformed to the ATS 
guidelines (14). It was also calibrated with a precision 
syringe before each measurement session. The measure- 
ments obtained subsequently were adjusted accordingly. 
However, the results of calibration changed little from day 
to day. The necessary cleaning and maintenance of the 
instrument were carried out on regular basis, according to 
the recommendations of the manufacturer. 
The same investigator (M.A.N.), carried out the mea- 
surements (over 4 months) throughout the study between 
0900 and 1200 hours. Measurements were taken in the 
standing position. Nose clips were not used as a number of 
our subjects were either not comfortable or were unable to 
perform a satisfactory forced expiratory manoeuvre while 
wearing a nose clip. As the wearing of a nose clip is not 
mandatory, and because our subjects were able to perform 
this manoeuvre satisfactorily (14) without a nose clip, we 
carried out the measurements without it. 
The environmental conditions during the measurements 
were: temperature 20-34°C humidity 4470% and atmo- 
spheric pressure 982-995 mbar (9.8-9.9 kPa). These are 
well within the operating range of the spirometer: 
temperature l(r35”C, relative humidity 40-99% and atmo- 
spheric pressure 98&1120 mbar (9.8-11.2 kPa). Accept- 
ability of the forced expiratory manoeuvre was determined 
by the ATS guidelines (14), i.e. satisfactory start/end of test 
and a minimum exhalation time of 6 sec. A minimum of 
three forced expiratory manoeuvres, with forced expiratory 
volume in 1 set with (FEVJ and forced vital capacity 
(FVC) within 5% or 0.100 1 of each other (whichever 
greater) were obtained for each individual. In practice, this 
meant having to ask most subjects to perform more than 
three manoeuvres (to a maximum of eight). The largest 
values of FEVt, FVC, peak expiratory flow (PEF) and 
forced expiratory flow at 50% of FVC (FEFsa) were 
recorded, even if they were not from the same manoeuvre. 
STATISTICAL ANALYSIS 
Data were analysed with the statistical programme for 
social sciences (SPSS). Data input errors were checked at 
each stage. The distributions of age, height, weight and 
body mass index (kg me2) were examined for skewness and 
kurtosis to determine whether it was necessary to transform 
them before undertaking regression analysis. All four 
parameters of lung function were plotted against age and 
height to check for linearity. Age was also plotted against 
lung function in the age bands 18-20 years and 21-24 years 
in both men and women. Transformations of the data were 
carried out to determine whether the correlation coeffi- 
cients improved. Multiple regression analysis was carried 
out for each of the four lung function parameters using 
forward, backward and stepwise methods. The equations 
were examined for goodness of fit and the best equation 
chosen for each lung function parameter. Transformations 
(square and log) were explored to produce better fits with 
the regression line. The criterion of significance for 
including an independent variable in a regression equation 
was PI 0.05. The value of any dependent variable was 
predicted by: 
y = a + bxi + bx2 . . . . . bx, 
where y is the dependent variable, a is the constant 
(intercept), b is the regression coefficient and xi . . . .xX 
are the independent variables. 
Results 
Thirteen individuals were unable to perform a satisfactory 
forced expiratory monoeuvre. Five hundred and nineteen 
individuals (45.9% men, 54.1% women) participated in the 
final assessment of lung function. Raw values of anthro- 
pometry and lung function are given in Table 1. The same 
parameters are listed by age in Table 2. All four lung 
function variables had a significant positive correlation with 
height (Table 3). The value of correlation coefficient was 
lower for PEF and FEF5a as there was a greater scatter of 
data. The correlation with age was not significant, except 
for FEF,, (significant negative correlation, Table 3). Hence, 
lung function data plotting vs. age was then carried out in 
two age bands (18-20 and 21-24 years) in both men and 
women (Table 4). Only PEF (in men aged 18-20 years) and 
FEFsa (in women aged 18-20 and men aged 21-24 years), 
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TABLE 1. Anthropometric and lung function parameters 
Men Women 
Variable Mean (SD) Skew Mean (SD) Skew 
Age (years) 20.8 (1.8) 0.1 20.2 (1.6) 0.35 
Weight (kg) 67.2 (9.9) 0.6 54.2 (8.7) 1.0 
Height (cm) 172.5 (6.3) -0.005 159.2 (6.0) 0.08 
BMI (kg m-*) 22.5 (2.8) 0.40 21.4 (3.1) 0.95 
FVC (1) 3.9 (0,5) 0.21 2.7 (0.4) 0.16 
FEVl (1) 3.5 (0.5) 0.20 2.5 (0.3) 0.16 
PEF (1 set-‘) 7.5 (1.2) -0.14 5-o (0.9) -0.49 
FEFSo (1 set-‘) 5.1 (1.1) 0.6 4.0 (0.9) 0.06 
BMI, body mass index. All other abbreviations as in text. 
had a significant negative correlation with age. Trans- 
formation of age to age’ and the natural logarithm of age 
did not alter the relationship. On regression analysis, height 
TABLE 2. Data in various age bands 
featured as the independent predictor in all equations. The 
contribution of age as an independent predictor was 
variable (Table 5). The negative correlation of age with 
lung function in men of both age groups (Table 4) is not 
reflected in the regression equations. As a matter of fact, 
age emerges as the independent positive predictor of FVC 
and PEF in men (Table 5). In women, age is an independent 
negative predictor of FEVi and FEFSO. Transformation of 
independent variables did not affect the goodness of fit of 
the derived models. 
In order to study the effect of age, regression was also 
carried out in two age bands (18-20 and 21-24 years). The 
prediction equations so derived are presented in Table 6. 
Age contributes as an independent variable only to FEFss 
(as the only predictor in men 21-24 years and with height 
for women aged 18-20 years). Although the contribution of 
age as an independent predictor was reduced in these 
equations, so was the goodness of fit. Table 7 shows values 
predicted by the present study for men and women of 
known age and height and comparison with values 
obtained from other equations. 
Age in years, Weight in kg Height in cm BMI in kg m- 2 FVC in 1 PEF in 1 set-i FEFss in 1 set-’ FEVi in 1 
gender n (SD) ( SD) 6”) 6”) (SD) (SD) (SD) 
18 Men 19 
Women 42 
19 Men 56 
Women 72 
20 Men 32 
Women 56 
21 Men 
Women 
39 
39 
22 Men 41 
Women 46 
23 Men 34 
Women 23 
24 Men 
Women 
17 
03 
65.9 174.4 21.6 4.13 7.90 5.34 3.71 
(11.7) (7.0) (2.7) (0.65) (1.53) (1.38) (0.73) 
51.0 159.6 19.9 2.72 4.98 3.92 2.51 
(8.4) (84) (2.8) (0.42) (0.92) (0.64) (0.38) 
69.0 174.1 22.7 3.89 7.24 5.29 3.57 
(12.8) (6.7) (3.5) (0.58) (1.14) (1.12) (0.34) 
53.8 158.2 21.5 2.60 4.92 4.13 2.46 
(9.7) (644 (3.7) (0.40) (0.86) (0.80) (0.33) 
65.4 170.7 22.4 3.95 7.07 4.91 3.49 
(10.5) (5.3) (3.3) (0.50) (1.25) (0.19) (0.38) 
54.2 160.1 21.1 2.69 5.26 4.37 2.51 
(8.2) (5.1) (2-8) (0.28) (0.70) (0.72) (0.29) 
65.3 171.9 22.1 3.98 7.77 5.53 3.56 
(7.6) (64) (2.1) (0.63) (1.03) (1.17) (0.57) 
55.8 158.9 22.1 2.65 5.36 3.91 2.39 
(7.4) (4.1) (2.8) (0.3 1) (0.80) (0.90) (0.30) 
69.1 172.0 23.3 4.07 7.76 4.95 3.56 
(7.9) (6.2) (2.4) (0.59) (1.04) (l-02) (0.44) 
55.4 159.6 21.8 2.74 4.68 3.62 2.39 
(8.1) (5.8) (2.9) (0.33) (1.05) (1.03) (0.35) 
66.4 173.1 22.1 4.00 7.36 4.82 3.46 
(8.7) (5.3) (2.3) (O-60) (1.05) (0.98) (0.41) 
55.7 157.8 22.2 2.63 5.12 3.82 2.39 
(9.8) (6.9) (2.3) (0.41) (1.15) (0.91) (0.39) 
67.6 170.1 23.4 4.03 7.72 4.87 3.51 
(7.1) (4.6) (2.6) (0.58) (1.04) (1.04) (0.50) 
57.3 165.0 21.0 2.58 4.81 3.69 2.44 
(6.5) (4.6) (1.3) (0.01) (1.15) (0.26) (0.11) 
For abbreviations see Table 1 and text. 
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TABLE 3. Correlation between lung function parameters 
and age and height. Pearson’s correlation coefficient (r) and 
significance (P) 
FEVi FVC PEF FEFso 
Men 
Age 
Height 
Women 
As 
Height 
-0.09 
. . 
E2 
*** 
-0.12 
0:;“; 
*** 
0.07 
0:;“; 
*** 
-0.01 
ns. 
0.35 
*** 
-0.14 
* 
0.28 
*** 
-0.15 
* 
0.22 
*** 
*p<o*o5; **p<o*o1; ***P<O*OOl; n.s., not significant. 
For other abbreviations see Table 1 and text. 
TABLE 4. Correlation of age with lung function in two age 
bands (18-20 and 21-24 years). Pearsons’s correlation 
coefficient (significance) 
FEV, FVC PEF FEFso 
18-20 
Men -0.158 
n.s. 
Women 0.008 
n.s. 
21-24 
Men -0.061 
n.s. 
Women 0.002 
n.s. 
-0e.097 
n.s. 
-0.009 
n.s. 
0.019 
n.s. 
- 0.007 
n.s. 
- 0.206 
* 
0.137 
ns. 
-0.088 
-;:;50 
n.s. 
-0.143 
OX7 
** 
-0.235 
** 
- 0.062 
n.s. 
* P-cO.05; **P<O*Ol; ***P<O*OOl; n.s. not significant. 
For other abbreviations see Table 1 and text. 
Discussion 
This study, on a large number of medical students, shows 
that most of the participants (519 of 532,97*5%) were able 
to perform the forced expiratory manoeuvre satisfactorily. 
The study population included individuals from a range of 
socioeconomic categories. Age and height were the 
independent predictors of lung function values. Weight 
and body mass index were removed from the regression 
models for all lung function parameters. Height featured in 
all the regression equations. For men (analysed as one 
group), age was a predictor for only FVC and PEF. In 
women it emerged as a predictor for only FEVi and FEFSO. 
It is believed that white Caucasian girls undergo their 
adolescent growth spurt earlier than boys (15). Rahman 
et al., in a study of normal lung function from Bangladesh 
TABLE 5. Regression coefficients and constants for predic- 
tion equations 
Coefficient term 
Variable 
Height Age Multiple 
(cm) (years) Constant R SEM 
Men 
FEVl (1) 0.039 - 
Fvc (1) 0.048 0.037 
PEF (1 s-l) 0.073 0.080 
FEFsO (1 s-l) 0.051 - 
Women 
FEVl (1) 0.03 1 -0.027 
Fvc (1) 0.033 - 
PEF (1 s-l) 0.052 - 
FEFSO (1 s-l) 0.031 -0.082 
- 3.202 0.52 0.40 
- 5.004 0.53 0.47 
-6.816 0.39 1.08 
- 3.672 0.28 1.08 
- 1.919 0.57 0.28 
-2.612 0.56 0.30 
- 3.235 0.35 0.85 
- 0.709 0.27 0.83 
SEM = Standard error of the mean. 
For other abbreviations see Table 1 and text. 
(lo), pointed out that peak growth in girls occurred around 
the age of 12 years and 2 years later in boys. Williams et al. 
(6), during an investigation of healthy men and women 
from Lahore, Pakistan, observed that teenagers had lower 
lung function values than young adults. They described a 
linear negative relationship of FEVi and FVC with age 
from about the age of 25 years. If Pakistani boys and girls 
have similar growth patterns, the contribution of age to the 
regression equations seen in the present study becomes 
easier to understand. In the young girls, in whom growth 
was completed earlier, a decline sets in early, although why 
it is only for FEVi/FEFss, and not for FVC/PEF, is not 
clear. In boys, age still exerts a positive predictive effect on 
PEF/FVC but not on FEVi and FEFso (the latter two may 
be in the plateau phase, before a decline sets in). Another 
explanation is that, due to the effect of early small airway 
closure in immature lung, an artefactually low FVC is 
recorded. The FVC then appears to increase with age and, 
hence, increased maturity of lungs. 
Brandli et al. (16) reported an increase in both FEVi and 
FVC in men up to the age of 25 years, after which a decline 
was noted. We saw this effect only for FVC and not FEVi. 
In women, they reported a decline in mean FEVi and FVC 
at an earlier age (more marked for FEVi than FVC). The 
same relationship was seen during derivation of European 
summary equations (2). Our findings are consistent with 
these observations. Roberts et al. (17), on the other hand, 
showed that the linearity of decline in spirometric variables 
with age remained the same if an age of 18 years rather than 
25 or 30 years was taken as the starting point. Crapo et al. 
(18) reported a similar relationship of spirometry values 
with age. Vijayan et al. (5) from South India, described an 
increase in mean lung function with age up to 25 years, a 
plateau between 25 and 35 years and then a decline. 
However, in their regression models, age did not contribute 
to equations predicting either FEVi or FVC in men. Thus, 
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TABLE 6. Regression coefficients and constants for prediction equations in two age bands (men 
and women). 
Coefficient term 
Variable Height (cm) Age (years) Constant Multiple R SEM 
18-20 years 
Men 
FEVl (1) 
FVC (1) 
PEF (1 s-l) 
FEFsa (1 s-l) 
Women 
FEVl (1) 
FVC (1) 
PEF (1 s-i) 
FEFso (1 s-l) 
21-24 years 
Men 
FEVl (1) 
FVC (1) 
PEF (1 s-l) 
FEFso (1 s-l) 
Women 
FEVl (1) 
FVC (1) 
PEF (1 s-l) 
FEFse (1 s-l) 
0.039 
0.041 - 
0.095 
0.077 
0.03 1 - 
0.03 1 
0.051 
0.022 0.214 
0.039 - 
o-053 
0.056 
- - 0.248 
0.03 1 - 
0.038 
0.054 
0.046 
- 3.247 0.552 0.377 
-3.231 0.539 0.410 
-9.109 0.469 1.129 
- 8.193 0.421 1.053 
- 2.369 0.589 0.269 
- 2.292 0.533 0.317 
- 3.048 0.389 0.771 
- 3.479 0.296 0.725 
- 3.203 
- 5.058 
- 1.881 
10.594 
- 2.547 0.513 0.287 
- 3.20 0.613 0.268 
-3.631 0.295 0.971 
- 3.492 0.264 0.920 
0.489 0.421 
0.530 0.509 
0.319 0.993 
0.235 I.066 
For abbreviations see Table 1 and text. 
TABLE 7. Predicted values of lung function from various studies in young men and 
women 21 years (male height 173 cm, female height 159 cm) 
Reference 
Men Women 
FEVi FVC PEF FEFSO FEVi FVC PEF FEFs,, 
Pakistani 
Present study 3.55 4.08 7.49 5.15 2.44 2.64 5.03 3.92 
Williams et al. (6) 3.47 4.28 2.34 2.81 
Ayub et al (7) 3.63 4.25 9.16 4.78 2.73 3.02 5.26 3.85 
Indian 
Vijayan et al (5) 3.57 3.87 - - 2.23 2.68 
Black African 
Shamssain et al. (19) 3.56 4.74 - - 2.68 3.35 
White Caucasian 
Cherniack et al. (20) 4.22 5-50 9.54 6.22 3.18 3.53 6.46 4.84 
Quanjer et al. (2) 4.34 5*05 9.88 5.56 3.16 3.60 7.01 4.53 
Roberts et al. (17) 4.60 5.50 11.78 7.38 3.36 4.01 8.39 4.76 
Brandli et al. (16) 4.40 5.18 8.88 5.29 3.20 3.65 6.15 4.17 
For abbreviations see Table 1 and text. 
even in the same ethnic group, age, especially below 25 
years, contributes to equations for lung function to a 
variable extent. Multiple regression in two age groups for 
men and women (Table 6) practically eliminated age as an 
independent predictor. However, goodness of fit was 
reduced, hence these equations were not used for computa- 
tion of lung function parameters for comparison with other 
studies (Table 7). The spirometry values predicted by the 
equations derived from the present investigation are very 
similar to those reported by Williams et al. (6) and Ayub et 
al. (7) for Pakistanis. The differences from older studies on 
white Caucasians (2,20) were more than the correction 
factors (male FEVi -O-.45 1, FVC 4.7 1; female FEVi -0.4 1, 
FVC -0.6 1) recommended for use in Asians by Cotes (1). 
More recent studies on white Caucasians report even 
greater predicted values. Our values were very similar to 
those published by Vijayan et al. (5) from South India. The 
FEVi predicted by the present study was also comparable 
to that from the study by Shamssain (19) of black Africans. 
However, the FVC values predicted by his study were 
greater than ours. Thus, young Pakistanis appear to have 
lower predicted normal spirometry values as compared to 
age and height-matched white Caucasians. Such differences 
are greater than the ‘correction factors’ recommended for 
calculation of predicted values for Asians from white 
Caucasian prediction equations. Interestingly we found 
that, as compared to their younger counterparts, Pakistanis 
of over 25 years old, and from the same geographical area, 
had values closer to those predicted from equations for 
white Caucasians. With increasing age, the gap between 
predicted spirometry values for the two ethnic groups 
appears to narrow. Therefore the use of fixed ‘correction 
factors’ for Asians is obviously not appropriate. Such 
factors are likely to overestimate predicted lung function in 
Pakistanis of the 18-24 years age group. 
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